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The lesser cornstalk borer,
 
 Elasmopalpus li-
gnosellus
 
 (Zeller) (Lepidoptera: Pyralidae), maize
causes the symptom known as “dead heart” to
maize. The objective of this research was to eval-
uate if Bt maize would protect seedlings against
lesser cornstalk borer damage and whether dif-
ferent temperatures affect the insect-plant inter-
action.
Two experiments were conducted. Seeds from
Pioneer Bt maize hybrids P33G27, P34R07,
P34G82, P33A14, and P34D34, expressing the
toxin Cry1A(b) were obtained from the market.
Seeds from the hybrids Mycogen (experimental)
and Garst 8539 expressing, respectively, the toxin
Cry1F and Cry9C as well as the control Garst
8539 (non-Bt) were obtained from the seed pro-
ducers. Lesser cornstalk borer for artificial infes-
tation were obtained from a colony maintained by
USDA-ARS-CPMRU, in Tifton, GA.
The first experiment included 7 maize hybrids
tested at two plant growth stages (3 and 4 leaf) at
a constant temperature of 27 
 
±
 
 0.7
 
°
 
C and photo-
phase of 14 h light: 10 h darkness. The experi-
mental unit was 9 seedlings infested with 2
second/third instars per plant and replicated 3
times. One week after infestation, the experiment
was evaluated by weighing and counting the
number of surviving larvae and the number of un-
damaged plants. A damage score (0-no damage,
10-dead plant) was used.
There was a significant difference between the
Bt and the non-Bt hybrids regarding the damage
score and the number of dead plants (Table 1).
However, there was no significant difference
among the Bt hybrids regarding those variables.
The degree of plant damage and number of dead
plants/plot were highly correlated (r = 0.998).
Fewer numbers of lesser cornstalk borer larvae
survived on Bt than non-Bt maize. In addition,
larvae surviving on Bt maize weighed less than
those surviving on non-Bt maize (Table 1). There
was a high correlation (r = 0.991) between the
number and weight of surviving larvae. A signifi-
cant reduction on the number of survivors, caused
by Bt toxin, was reported to lesser cornstalk borer
on transgenic sugarcane (Fitch et al. 1996).
 
T
 
ABLE
 
 1. M
 
EAN
 
 
 
±
 
 
 
STANDARD
 
 
 
ERROR
 
 
 
OF
 
 
 
THE
 
 
 
DAMAGE
 
 
 
SCORE
 
 
 
AND
 
 
 
SEEDLING
 
 
 
MORTALITY
 
 
 
CAUSED
 
 
 
BY
 
 
 
LESSER
 
 
 
CORNSTALK
BORER
 
, 
 
NUMBER
 
 
 
OF
 
 
 
LARVAE
 
 
 
AND
 
 
 
LARVAL
 
 
 
WEIGHT
 
 
 
OF
 
 
 
SURVIVING
 
 
 
WORMS
 
 
 
INFESTING
 
 B
 
T
 
 
 
AND
 
 
 
NON
 
 B
 
T
 
 
 
MAIZE
HYBRIDS
 
 
 
AT
 
 27
 
°
 
C 
 
AND
 
 14 
 
H
 
 
 
LIGHT
 
:10 
 
H
 
 
 
DARK
 
 
 
PHOTOPHASE
 
.
Maize hybrid (Bt toxin)
Plant
damage score
 
1
 
Number of
dead plants
 
1
 
Larval
Number
of survivors
Weight 
(mg)
P34R07 (Cry1Ab) 0.9 
 
±
 
 0.1 a 0.0 
 
±
 
 0.0 a 1.7 
 
±
 
 1.6 4.0 
 
±
 
 2.1
P33G27 (Cry1Ab) 0.6 
 
±
 
 0.2 a 0.3 
 
±
 
 0.2 a 2.8 
 
±
 
 2.3 3.9 
 
±
 
 3.2
P34G82 (Cry1Ab) 0.7 
 
±
 
 0.2 a 0.0 
 
±
 
 0.0 a 1.9 
 
±
 
 0.7 1.4 
 
±
 
 0.8
P33A14 (Cry1Ab) 0.6 
 
±
 
 0.1 a 0.0 
 
±
 
 0.0 a 3.3 
 
±
 
 2.0 2.8 
 
±
 
 1.2
P34D34 (Cry1Ab) 0.9 
 
±
 
 0.1 a 0.0 
 
±
 
 0.0 a 2.4 
 
±
 
 1.4 3.3 
 
±
 
 0.8
G8539 (Cry9C) 0.7 
 
±
 
 0.2 a 0.0 
 
±
 
 0.0 a 5.1 
 
±
 
 2.7 6.1 
 
±
 
 1.7
G8539 (Non-Bt) 9.4 
 
±
 
 0.3 b 8.5 
 
±
 
 0.2 b 1.7 
 
±
 
 2.7 24.0 
 
±
 
 5.5
F 481.79 576.40 — —
Coef. of variation 18.62% 8,47% — —
 
1
 
Data transformed to square root of (
 
×
 
 + 0.5) for statistical analysis. In each column, means followed by the same letter are not significantly different
by Duncan Multiple Range Test (P 
 
≤
 
 0.05).
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The second experiment evaluated the temper-
ature effect on Bt maize-lesser cornstalk borer in-
teraction. Plants were maintained in growth
chambers regulated at constant temperatures
(20
 
°
 
C, 24
 
°
 
C, 28
 
°
 
C, or 32
 
°
 
C during the day and
20
 
°
 
C during the night). The experimental unit in-
cluded 5 seedlings from the Bt maize hybrids My-
cogen experimental (Cry1F), Pioneer P33G27
(Cry1Ab), and Garst 8539 (Cry9C), and non-Bt
Garst 8539 and was replicated 3 times. The infes-
tation method used was the same as the previous
experiment and the evaluation was based on the
number of dead plants.
The results showed a significant difference be-
tween transgenic and non-transgenic maize re-
garding the number of dead plants (Table 2).
However, there was a significant interaction be-
tween temperature and genotype for this vari-
able. The temperature affected the plant
development and the amount of lesser cornstalk
borer damage, being significantly lower on con-
trols at 20
 
°
 
C compared with other temperatures
(Table 2). Conversely, there was no significant dif-
ference among the Bt maize hybrids expressing
the Cry1F, Cry1Ab or Cry9C toxin regarding tem-
perature. Therefore, Bt transgenic maize express-
ing all evaluated toxins can be considered an
effective approach to manage lesser cornstalk
borer damage. While some larvae survived on the
Bt transgenic maize, they were smaller and
weighed less than the ones on the non-Bt maize
and, at all temperatures tested, did not cause sig-
nificant damage on Bt maize seedlings.
Bt plants have been used to control many
pests, including lesser cornstalk borer. Fitch et al.
(1996) found 80-100% mortality of lesser corn-
stalk borer on transgenic sugarcane. Singsit et al.
(1997) reported various levels of Bt transgenic
peanut resistance to lesser cornstalk borer, rang-
ing from complete mortality to a 66% reduction in
larval weight. Bt maize controlled fall armyworm,
 
Spodoptera frugiperda
 
 (Smith) (Lepidoptera:
Noctuidae), southwestern corn borer, 
 
Diatraea
grandiosella
 
 (Dyar) (Lepidoptera: Pyralidae),
corn earworm and 
 
Helicoverpa
 
 
 
zea
 
 (Boddie) (Lep-
idoptera: Noctuidae) (Lynch et al. 1999, Williams
et al. 1998).
The authors thank Ariovaldo Luchiari/Em-
brapa Labex/USDA-ARS SWCRU, Frederick P.
Baxendale and E. Heinrichs /UN-L and the Bra-
zilian Agencies CAPES and CNPq.
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UMMARY
 
To determine if Bt maize seedlings are pro-
tected against lesser cornstalk borer damage, Bt
hybrids at the 3 and 4 leaf stages were tested un-
der temperatures between 20-32
 
°
 
C and artificial
infestation. A high level of resistance was re-
ported in all Bt maize as expressed by larval sur-
vival, larval weight, damage score, and number of
surviving plants. All Bt maize protected plants
against lesser cornstalk borer damage. Also, the
resistance present in the Bt maize was not af-
fected by daytime temperature.
R
 
EFERENCES
 
 C
 
ITED
 
F
 
ITCH
 
, M., V. C
 
HANG
 
, F. P
 
ERLAK
 
, A. D
 
ELA
 
 C
 
RUZ
 
, A. O
 
TA
 
,
 
AND
 
 P. M
 
OORE
 
. 1996. Sugarcane transformation
with a Bt gene for resistance to the lesser cornstalk
borer (LCB).
http://www.intl-pag.org/pag/4/abstracts/p268.html.
L
 
YNCH
 
, R. E., B. R. W
 
ISEMAN
 
, D. P
 
LAISTED
 
, 
 
AND
 
 D. WAR-
NICK. 1999. Evaluation of transgenic sweet corn hy-
brids expressing Cry1A(b) toxin for resistance to
corn earworm and fall armyworm (Lepidoptera: Noc-
tuidae). J. Econ. Entomol. 92: 246-252.
SINGSIT, C., M. J. ADANG, R.E. LYNCH, W. F. ANDERSON,
A. WANG, G. CARDINEAU, AND P. AKINS-OZIAS. 1997.
Expression of a Bacillus thuringiensis cryIA© gene
in transgenic peanut plants and its efficacy against
lesser cornstalk borer. Transgenic Research 6: 169-
176.
WILLIAMS, W. P., P. M. BUCKLEY, J. B. SAGERS, AND J.
A. HANTEN. 1998. Evaluation of transgenic corn for
resistance to corn earworm (Lepidoptera: Noctu-
idae), fall armyworm (Lepidoptera: Noctuidae) and
southwestern corn borer (Lepidoptera: Crambidae).
Crop Science 17: 957-962.
TABLE 2. MEAN ± STANDARD ERROR NUMBER OF DEAD PLANTS1 OF BT AND NON BT MAIZE HYBRIDS UNDER DIFFERENT
TEMPERATURES AND ARTIFICIAL INFESTATION BY LCSB IN A GROWTH CHAMBERS WITH PHOTOPHASE OF 14 H.
Maize hybrid
Temperature
20°C 24°C 28°C 32°C
Mycogen Exp.(Cry1F) 0.3 ± 0.6 a 0.0 ± 0.0 a 0.3 ± 0.6 a 0.3 ± 0.6 a
P33G27 (Cry1Ab) 0.0 ± 0.0 a 0.0 ± 0.0 a 0.3 ± 0.6 a 0.0 ± 0.6 a
Garst 8539 (Cry9C) 0.3 ± 0.6 a 0.7 ± 0.6 a 0.0 ± 0.6 a 0.0 ± 0.0 a
Garst 8539 (Non-Bt) 2.0 ± 1.0 b 4.7 ± 0.6 b 5.0 ± 0.6 b 5.0 ± 0.0 b
1Data transformed to square root of (× + 0.5) for statistical analysis. F= 128.14 and Coefficient of variation: 17.81%. In each column, means followed
by the same letter are not significantly different by Duncan Multiple Range Test (P ≤ 0.05).
